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NEW SELECTIVE SORBENTS FOR THE EXTRACTION OF ALKALI 
METAL IONS
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Abstract. Macromolecules with crown ether groups represent a fundamentally new 
type of sorbents, the active centers of which are ligands that retain electroneutrality in 
the process of simultaneous binding of cations, anions or organic compounds. The aim 
of the research work is to study the conditions for the preparation of polymeric sorbents 
containing diaminodicyclohexylcrown ethers, as well as to study the activity of these 
sorbents with respect to the extraction of alkali metal cations. A macroporous copolymer 
of styrene and divinylbenzene containing 18.4% chlorine was used in this work. 
Chemical grafting of cycloaliphatic crown ethers onto macroporous chloromethylated 
copolymer of styrene and divinylbenzene was carried out. Under the selected conditions, 
polycrown-ethers with the content of crown ether groups 1.42 mmol/g were obtained 
when diaminodicyclohexyl-18-crown-6 (DADCH-18c6) was used, while the content of 
macrocyclic groups 1.24 mmol/g was obtained when diaminodicyclohexyl-24-crown-8 
(DADCH-24c8) was used. 
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As a result, immobilization of macrocycles on the surface of polymeric carrier 
was confirmed by IR spectroscopy and elemental analysis. New selective sorbents for 
alkali metal ions based on diaminodicyclohexyl-24-crown-8 and diaminodicyclohexyl-
18-crown-6 were developed. The extraction of alkali metals under static conditions 
by grafted type sorbents based on different macrocycles has been investigated. High 
values of distribution coefficients of alkali metals by synthesized sorbents in acidic 
medium were shown. The following selectivity series were found for the sorbent 
with diaminodicyclohexyl-18-crown-6 fragments:  K+˃Cs+˃Na+, and for the sorbent 
with diaminodicyclohexyl-24-crown-8 fragments: Na+, K+, Cs+. The efficiency of the 
obtained sorbent for the extraction of alkali metal cations was shown. 

Keywords: polymeric sorbents, sorption, crown ethers, selectivity, styrene-
divinylbenzene copolymer.
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Аннотация.   Краун-эфир топтары бар макромолекулалар – белсенді 
орталықтары катиондарды, аниондарды немесе органикалық қосылыстарды бір 
мезгілде байланыстыру процесінде электронейтралдылықты сақтайтын лигандтар 
болып табылатын сорбенттердің түбегейлі жаңа түрі. Зерттеу жұмысының 
мақсаты – құрамында диаминодициклогексилкраун эфирлері бар полимерлі 
сорбенттерді алу жағдайларын зерттеу, сондай-ақ сілтілік металл катиондарын 
алуға қатысты осы сорбенттердің белсенділігін зерттеу болып табылады. 
Әдістер мен материалдар: жұмыста құрамында 18,4% хлор бар стирол мен 
дивинилбензолдың (8% дивинилбенол) макропоралы сополимері қолданылды. 
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Стирол мен дивинилбензолдың макропоралы хлорметилденген сополимеріне 
циклоалифатты кроун-эфирлерді химиялық егу жүргізілді. Таңдалған жағдайларда 
диаминодициклогексил-18-кроун-6 (ДАДЦГ-18к6) қолданған кезде құрамында 
1,42 ммоль/г кроун-эфир топтары бар поликраун-эфирлер, диаминодициклогексил-
24-кроун-8 (ДАДЦГ-24к8) қолданған кезде 1,24 ммоль/г макроциклді топтардың 
мазмұны алынды.зерттеулер мен нәтижелер.  Макроциклдердің полимерлі 
тасымалдаушының бетіне иммобилизациясы ИҚ спектроскопиясы және элементтік 
талдау әдістерімен расталады. ДАДЦГ-24к8 және ДАДЦГ-18к6 негізіндегі сілтілі 
металл иондары үшін жаңа селективті сорбенттер әзірленді. Статикалық жағдайда 
сілтілі металдарды әртүрлі макроциклдер негізінде егілген типті сорбенттермен 
алу зерттелді. Қышқыл ортада синтезделген сорбенттермен сілтілі металдардың 
таралу коэффициенттерінің жоғары мәндері (Na+, К+, Cs+) көрсетілген. ДАДЦГ-
18к6 фрагменттері бар сорбент үшін келесі селективтілік қатарлары табылды: 
Na+, К+, Cs+ , ал ДАДЦГ-24к8  фрагменттері бар сорбент үшін: Na+, К+, Cs+ алынған 
сорбенттің сілтілі металл катиондарын алу тиімділігі көрсетілген. 

Түйін  сөздер: полимерлi сорбенттер, сорбция, краун-эфирлер, таңдамалылық, 
стирол мен дивинилбензолдың сополимері. 
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Аннотация. Макромолекулы с краун-эфирными группами представляют 
собой принципиально новый тип сорбентов, активными центрами которых 
являются лиганды, сохраняющие электронейтральность в процессе одновремен
ного связывания катионов, анионов или органических соединений. Целью 
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исследовательской работы является изучение условий получения полимерных 
сорбентов, содержащих диаминодициклогексилкраун-эфиры, а также 
исследование активности этих сорбентов в отношении извлечения катионов 
щелочных металлов. Методы и материалы. В работе использовали макропористый 
сополимер стирола и дивинилбензола (8% дивинилбензола), содержащий 18,4% 
хлора. Осуществлена химическая прививка циклоалифатических краун-эфиров 
на макропористый хлорметилированный сополимер стирола и дивинилбензола. 
В выбранных условиях при применении диаминодициклогексил-18-краун-6 
(ДАДЦГ-18к6) получены поликраун-эфиры с содержанием краун-эфирных групп 
1,42 ммоль/г, при использовании диаминодициклогексил-24-краун-8 (ДАДЦГ-
24к8) содержание макроциклических групп 1,24 ммоль/г. Исследования и 
результаты.  Иммобилизация макроциклов на поверхность полимерного носителя 
подтверждена методами ИК-спектроскопии и элементного анализа. Разработаны 
новые селективные сорбенты для ионов щелочных металлов на основе ДАДЦГ-
24к8  и ДАДЦГ-18к6. Исследовано извлечение щелочных металлов в статических 
условиях сорбентами привитого типа на основе различных макроциклов. Показаны 
высокие значения коэффициентов распределения щелочных металлов (Na+, К+, 
Cs+) синтезированными сорбентами в кислой среде. Найдены следующие ряды 
селективности для сорбента с диаминодициклогексил-18-краун-6 фрагментами:  
К+ ˃ Cs+˃ Na+, а для сорбента с диаминодициклогексил-24-краун-8 фрагментами:  
Cs+ ˃ K+ ˃ Na+    Показана эффективность полученного сорбента для извлечения 
катионов щелочных металлов. 

Ключевые слова: полимерные сорбенты, сорбция, краун-эфиры, селектив
ность, сополимер стирола и дивинилбензола.

Introduction. Macrocyclic polyesters, in particular, crown ethers have specific 
physical and chemical properties, as they are able to form complexes with alkali metal 
salts, increase the solubility of hard-to-soluble salts in weakly polar organic solvents, 
and change the state of ion pairs in solutions of different polarity (Yankovskaya, 2015).  
They can bind certain ions by incorporating them into the inner cavity of the crown 
ether, with different complex structures being formed depending on the volume of the 
corresponding cation.

These complexes are most stable when the size of the metal ion is close to the cavity 
size of the crown ether molecule (Yankovskaya, 2016).  This makes it possible to create 
selective sorbents of complex-forming type on the basis of crown ethers, which are able 
to effectively extract metal cations from various solutions. Soaking such sorbents in a 
salt solution leads to the fact that the concentration of metal cations in the crown ether 
becomes several orders of magnitude higher compared to their concentration in the 
initial solution.

Polyester macrocycles have high complexing ability towards alkali and alkaline 
earth metal cations. For their efficient extraction it is proposed to use sorbents based 
on crown ethers, which are selective to certain metals (Dovhyi, 2017). Their use 
significantly simplifies the analysis scheme and allows the separation of metal cation 
from solutions of complex composition (Yankovskaya, 2017, Dovgiy et.al. 2017).
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Methods for the preparation of polymeric sorbents containing crown-ethers and 
their analogs can be divided into two large groups:

- immobilization of crown-ethers with covalent bonds;
- immobilization of crown-ethers without covalent binding (impregnation).
A number of sorbents based on dicyclohexyl-18-crown-6 and its derivatives 

(Yankovskaya, 2018; Yakshin, 2010; Zakurdaeva, et.al., 2010; Bezhin, et.al., 2017) 
without covalent binding have been obtained for selective sorption concentration of 
alkali metal ions, but they have a number of disadvantages. First of all, it is rather 
high solubility of dicyclohexyl-18-crown-6 in water, leading to its leaching from the 
sorption system.

In this regard, a promising method for the synthesis of crown-containing polymers is 
the immobilisation of crown-ethers with covalent bonds onto various polymeric carriers.

The aim of this work is to synthesize and investigate the complexing properties of 
selective sorbents based on diaminodicyclohexyl-18-crown-6 and diaminodicyclohexyl-
24-crown-8 towards alkali metal ions.

Materials and methods 
Diaminodicyclohexyl-18-crown-6 (DADCG18k6) and diaminodicyclohexyl-

24-crown-8 (DADCG24k8) were prepared according to the method (Dovhyi, 2017). 
Chloromethylated copolymer of styrene and divinylbenzene (ChMC, 8% divinylbenzene) 
containing 18.4% chlorine was used.

The interaction of amino derivatives of cycloaliphatic crown ethers with ChMC was 
carried out under stirring in dioxane medium in the presence of NaHCO3 at 90 0C for 8 
h at a molar ratio of polymer: crown compound =1:1.

The exchange capacity was determined by nitrogen content and by the method 
described in (Ergozhin, Kurmanaliev 2020).

The sorption of sodium, potassium and cesium ions was studied under static 
conditions from aqueous solutions of nitrate salts under stirring at room temperature. 
The sorption kinetics was investigated by the method of limited solution volume. To 
obtain the kinetic curves of sorption, 0.1 g of sorbent suspensions (m) were placed in 
a series of flasks and poured into 10 ml (V) of aqueous solution of the corresponding 
salt with an initial concentration (Co) of 8 mg/l and a concentration of nitric acid 1M.  
After certain time intervals, the solution was separated from the sorbent by filtration and 
the current concentration of metal ions (Cτ) in it was determined on a Kvant-2 atomic 
absorption spectrophotometer.

The distribution coefficient was calculated using the formula:
                                                                                                                             

                                                        P = 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓
𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓

∙ 𝑉𝑉𝑠𝑠
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where Cinit - concentration of strontium in the initial solution, mg/l; 
Cfin - concentration of strontium in the solution after sorption, mg/l; 
Vs - volume of initial solution taken for sorption, ml; 
msorb - mass of sorbent taken for sorption, g. 
 
 

 
 

 
 
Figure -1 Isotherm of sorption of alkali metal ions by sorbents based on DCG18K6.1-К+;2-Cs+; 3-
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IR spectra were recorded on a Vector-22 Fourier spectrometer in KBr tablets.

Results and discussion
The wide variety of available synthetic polymers has ensured their widespread use 

as carriers for the immobilization of crown-ethers. The copolymers of styrene and 
divinylbenzene have been most widely used for long grafting of crown ethers.

A macroporous copolymer of styrene and divinylbenzene (8% divinylbenzene) 
containing 18.4% chlorine was used in this work.

The alicyclic diaminodicyclohexylcrown ethers, which have the highest electron-
donating ability, are of particular interest for the synthesis of kraun-containing sorbents.

 The interaction reaction of ChMC with the indicated crown ethers proceeds 
according to the following scheme: 
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Immobilization of macrocycles on the surface of polymer carrier was confirmed by 
IR spectroscopy and elemental analysis.  In the IR spectrum of kraun-containing sorbents 
there are characteristic absorption bands of valence vibrations of simple ether bonds -C-O-C- 
in the region of 1350, 1219,1135 cm-1, there are intense frequencies of valence vibrations of 
NH2 - groups at 3425, 3355 cm-1. The characteristic frequencies of CH2CI -groups at 1273 
and 673 cm-1 are absent in the sorbent.  

The highest degree of covalent binding of crown ethers to the carrier surface was achieved 
by immobilization in dioxane at 900 for 16 hours (Table 1).

Table 1. Results of immobilization of crown ethers on ploymer carriers

Crown-ether Solvent Temperature, 
0C

Crown ether 
content, %

Exchange capacity, 
mmol/g

DADCG18k6 dimethylformamide 90 48,5 1,18
DADCG18k6 dioxane 70 36,2 0,88
DADCG18k6 dioxane 80 50,2 1,22
DADCG18k6 dioxane 90 58.4 1,42
DADCG24k8 dioxane 90 54.1 1,24
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Under selected conditions, diaminodicyclohexyl-18-crown-6 produced polycrown 
ethers with a content of crown ether groups of 1.42 mmol/g, while diaminodicyclohexyl-
24-crown-8 produced a content of macrocyclic groups of 1.24 mmol/g.

 The sorption activity of sorbents based on crown-ethers immobilized with polymeric 
molecules was investigated.

  To determine the kinetic laws of sorption of alkali metals were extracted with the 
obtained sorbent from solutions with 1 M nitric acid concentration. The kinetics of 
sorption of metal cations was investigated at different duration of contact of sorbent 
samples with aqueous solutions of nitrate salts until complete saturation of the sorbent. 
The sorption process was investigated by sampling at intervals and measuring the 
residual concentration C of metal cations in solution.

The distribution coefficient of alkali metals was calculated using formula (1).
The contact time is an important parameter for studying the kinetic laws of the 

adsorption process. It was found that during the first 120 min the rate of adsorption 
process increases due to the large number of free adsorption sites on the surface of 
crown-ether.  With further increase of the contact time, the adsorption rate decreases due 
to the gradual filling of the porous surface of the polymacrocycle with sorbate, and the 
adsorption process reaches equilibrium. The total sorption time is 48 hours.

The following selectivity series were found for the sorbent with DADCG18k6: К+ 
˃ Cs+ ˃ Na+, and for the sorbent with DADCG24k8:  Cs+ ˃ K+ ˃ Na+.   It follows 
that the principle of cation-macrocycle structural correspondence is observed for the 
synthesized new sorbents.  

To construct the sorption isotherm, extraction was carried out with the obtained 
sorbent from solutions with different strontium content and 3 M nitric acid concentration.  
The obtained systems were periodically stirred. After 48 hours the solutions were 
filtered and the concentration of alkali metals was measured. The results of the isotherm 
of sorption of alkali metals by the obtained sorbents are presented in Fig. 1.    
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The isotherm of strontium sorption by the obtained sorbent has a linear dependence 
in the studied concentration range, i.e. the distribution coefficient does not change.

The efficiency of metal ion extraction from aqueous solutions containing crown-
ethers is influenced by the presence of amino groups. It is known that the amino group 
contributes to the formation of a water swelling polymer.  When extracting metal salts 
from aqueous media, the use of sorbents based on water-swelling polymers will lead to 
an increase in the sorption capacity of sorbents due to easier access of metal ions present 
in water to the active centers of the sorbent immobilized in the polymer matrix.

 Thus, the proposed method of immobilization of macrocycles on available 
polymeric carriers allows to obtain by polymeranalogous transformations granular 
sorbents possessing a high concentration of crown-ether groups as well as amino groups. 
The obtained polymacrocycles may be of interest as selective metal ion sorbents in 
chromatography, interfacial catalysis and environmental ecology.

Conclusions
1. New selective sorbents for alkali metal ions based on diaminodicyclohexyl-18-

crown-6 and diaminodicyclohexyl-24-crown-8 have been developed.
2. The recovery of alkali metals under static conditions by graft-type sorbents based 

on different macrocycles has been studied.
High values of distribution coefficients of alkali metals (Na, K, Cs) by synthesized 

sorbents in acidic medium are shown. The following selectivity series were found for 
the sorbent with DADCH18c6: К+˃Cs+˃Na+, and for the sorbent with DADCH24c8:  
Cs+ ˃ K+ ˃ Na+.
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